REMARKS 

I, Status of th e Claims and the R e jections 

Claim 32 was rejected under 35 U.S.C. § 102 for alleged lack of novelty based on 
Kleen U.S. Patent No. 2,499,736 ("Kleen"). Claims 19-22, 25, and 27-32 were rejected under 35 
U.S.C. § 103 for alleged obviousness based on Fischer et at. U.S. Patent No. 5,513,500 
("Fischer") in view of Plattner U.S. Patent No. 6,658,881 ("Plattner"). Applicants respectfully 
traverse these rejections. 

Nevertheless, claims 27, 28, and 32 have been amended to further clarify the 
subject matter regarded as patentable. Claim 25 has been canceled, and claims 33 and 34 have 
been added. Applicants respectfully request reconsideration of the rejections hi view of these 
amendments and the following remarks. 

II. Claim 32 is Novel 

A. The Claim 

Claim 32 recites a method for the discharge of heat from a heat source located in 
the interior of an aircraft to a heat sink, the aircraft including a closed piping system having "a 
heat intake section thermally coupled to the heat source and a heat output section thermally 
coupled to the heat sink." The heat sink includes a section of an external wall of an aircraft. The 
method includes "causing, via at least one heat exchanger which operatively couples the piping 
system to the heat source, heat transfer in the heat intake section; and controlling, via a 
ventilator, the heat transfer between the at least one heat exchanger and the heat source " 
(emphasis added). Claim 32 has been amended to further recite "controlling, via a regulator 
valve disposed between the heat intake section and the heat output section, the quantity of heat 
conveyance medium flowing to and from the at least one heat exchanger." 
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B, The Defici e ncies of the Cited Prior Art 

Kleen is directed to an aircraft refrigeration device for a cargo space of an aircraft. 
As shown in FIG. 6, the refrigeration system includes a hermetically sealed tube containing a 
vaporizable refrigerating medium. The hermetically sealed tube extends from a condensing 
chamber (1 1) within an air duct (31) of the aircraft and a vaporizing chamber (12) within the 
cargo space (B), the chambers (11,12) connected by an intermediate connecting section (13). 
The condensing and vaporizing chambers (1 1 , 12) have respective fins (14, 17) along their outer 
surfaces to assist in heat transfer to and from the refrigerating medium in the tube. The air duct 
(31) directs a flow of ambient cooling air past a duct inlet with shutters (32) and through a 
sequence of louvres (36) that direct the cooling air flow onto the fins (14) of the condensing 
chamber (1 1). The refrigerating medium absorbs heat in the vaporizing chamber (12) from the 
cargo hold (B) and turns into a gas which rises into the condensing chamber (11), where the 
refrigerating medium expels heat to the cooling air flow and in the process condenses back to a 
liquid. This refrigerating medium liquid then travels back down into the vaporizing chamber 
(12) where the cycle repeats to continuously deliver heat from the cargo hold (B) to the ambient 
cooling air flow. 

Claim 32 recites a regulator valve disposed between the heat intake section and 
the heat output section of the piping system. The regulator valve controls the flow of heat 
conveyance medium. In contrast, Kleen does not recite any regulator valve or any method of 
regulating the flow of refrigerating medium in the hermetically sealed tube. Kleen also teaches 
away from adding such a regulator valve to the tube, stating that "the present invention provides 
a simple, small lightweight refrigerating system with no moving parts for aircraft" (Col. \, lines 
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43-45). For at least this reason, Kleen does not disclose every feature of claim 32, and therefore 
cannot anticipate claim 32. 

Additionally, the Office Action states that the cooling air flow through the duct 
(3 1) represented the 'Ventilator" of claim 32. However, the ventilator of claim 32 controls the 
heat transfer between the at least one heat exchanger and the heat source . Even if the cooling air 
flow through the air duct (31) of Kleen were to be construed to be a "ventilator," this cooling air 
flow would only affect heat transfer from the condensing chamber (12) to the air. The cooling 
air flow is remote from the heat source, and thus cannot control the heat transfer between a heat 
exchanger and the heat source, as required by claim 32. 

Furthermore, the Office Action indicates that because the "heat sink" of Kleen is 
primarily composed of the cooling air flow in the air duct (31), the "heat sink" also includes an 
external wall of the aircraft at the air duct (3 1) because the cooling air flow (31) carries heat to 
an exit vent and because the end of the hermetically sealed tube contacts a single support leading 
to the external wall of the aircraft. Applicants do not understand this assertion. For example, in 
the presently claimed invention, heat leaving the system into the external wall of the aircraft may 
later be discharged from the external wall of the aircraft to external air flow, and then from the 
air to the ground. However, the external air or the ground is not part of the heat sink. 

Likewise, although the air flow in the air duct (31) may carry heat toward the 
external wall of the aircraft, that alone does not make the external wall of the aircraft part of the 
heat sink. If the one support for the hermetically sealed pipe were designed to transfer heat away 
from the condensing section (12), as the Office Action suggests, then Kleen would have 
disclosed at least some details of this heat transfer. However, Kleen offers no explanation 
beyond stating that the cooling air flow is the heat sink. Thus, the rejection fails for this 
additional reason. 
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For at least these reasons, claim 32 is allowable over Kleen. Applicants 
respectfully request that the rejection of claim 32 be withdrawn. 

III. Claims 19-22 and 27-32 are Not Obvious 
A. The Claims 

Claim 19 is directed to an aircraft having a cooling device for expelling heat from 
a heat source located in the interior of said aircraft to a heat sink. The cooling device includes a 
piping system with a heat intake section thermally coupled to the heat source and a heat output 
section thermally coupled to the heat sink. The piping system is filled with a heat conveyance 
medium that changes phase from liquid to gas in the heat intake section, and from gas to liquid in 
the heat output section. The cooling device of claim 19 also includes a heat exchanger 
operatively coupling the piping system and the heat source, a ventilator controlling the transfer 
of heat at the heat exchanger from the heat source, and a temperature sensor at the heat source. 
Claim 19 further recites "a regulator valve operatively connected to the piping system, thereby to 
control the quantity of heat conveyance medium flowing to or from the heat exchanger; and a 
regulation device operatively connected to the ventilator and to the regulator valve so as to 
control the ventilator and the regulator valve." As discussed above, claim 32 is directed to a 
method including controlling the flow of heat conveyance medium using a regulator valve. 

Claim 27 has been amended into an independent claim in this response, and is 
also directed to an aircraft having a cooling device for expelling heat from a heat source to a heat 
sink. The cooling device of claim 27 includes the piping system, heat exchanger, ventilator, and 
temperature sensor as described in claim 19. Claim 27 further recites "a cold storage unit 
provided between the heat source and the heat sink, the cold storage unit collecting cooled liquid 
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phase heat conve yanc e mediu m, for use when cooling requirements are increased , such as when 
the aircraft is on the ground" (emphasis added). 

Claims 20-22 and 28-31 depend directly or indirectly from one of independent 
claims 19 and 27, and include additional features of the claimed cooling system. For example, 
claim 3 1 recites that when the aircraft is in a rest condition, the heat sink is located geodetically 
higher than the cold storage unit, which is further located geodetically higher than the heat 
source. 

B. The Deficiencies of the Cited Prior Art 

Fischer is directed to a system for cooling food trolleys in the cabin of an aircraft. 
As shown in FIG. 2, Fischer discloses a central cooling plant (4) located underneath the cabin of 
an aircraft and selectively coupled to heat exchangers (9 A, 9B) in the aircraft galleys via a 
supply conduit (5) and a return conduit (6). The heat exchangers (9 A, 9B) in the galleys (3 A, 
3B) are coupled to the supply and return conduits (5, 6) using a plurality of connector conduits 
(10A, 10B, 11 A, 1 IB) and connector adapters (35, 36) that purportedly allow quick connection 
and disconnection of the components cooling system (1) when cabin reorganization is necessary. 
The supply and return conduits (5, 6) carry a liquid cooling medium such as a water/glycol 
mixture, and the heat exchangers (9 A, 9B) "are embodied as liquid/air heat exchangers through 
which the coolant flows in a primary circuit and air flows in a secondary cooling air circuit (12A, 
12B)." (Col. 4, line 66 - Col. 5, line 2). The liquid cooling medium is driven by a pump (7) 
from the supply and return conduits (5, 6) to a heat exchanger (4') that removes heat from the 
liquid cooling medium. 

With reference to claims 19 and 27, the Office Action acknowledges that Fischer 
does not teach that the heat conveyance medium undergoes phase changes at the cooling plant 
(4) and the heat exchangers (9 A, 9B). However, the Office Action cites Plattner for the teaching 
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of a two-phase vaporization refrigeration device (14 of FIG. 1) on board an aircraft, and 
concludes that it would have been obvious to implement the Plattner refrigeration device in place 
of the liquid cooling system of Fischer, because of the "greater cooling capacity of harnessing 
the phase change of the heat conveyance medium." Applicants respectfully disagree. 

Fischer teaches that the water/glycol mixture is advantageous because it allows 
for simple liquid/air heat exchangers to be used in each of the individual galleys (Col. 3, lines 7- 
13). Fischer explicitly states that the goals of the Fischer cooling system are "to provide a 
system for cooling food in an aircraft that makes possible the flexible arrangement or 
rearrangement of galleys within the aircraft cabin" and "to provide such a cooling system that 
reduces the total weight and space requirements and the necessary installation effort" (Col. 2, 
lines 5-12), Thus, Fischer clearly teaches away from the combination with Plattner that is 
proposed in the Office Action. 

In the proposed combination, the simple liquid/air heat exchangers (9 A, 9B) of 
Fischer would need to be replaced with all of the equipment in the Plattner system, including a 
receiver/dryer (18 of FIG. 1), an expansion valve (20), an evaporator (22), and a compressor 
(24). These additional pieces of equipment would add significant weight to the aircraft and, 
more importantly, would limit the reconfiguration possibilities for the cabin of the aircraft. 
Thus, replacing the liquid phase refrigerant of Fischer with the two-phase refrigerant of Plattner 
would undermine the stated benefits of Fischer. The Office Action fails to explain how the 
Plattner elements could be added to Fischer without adding weight and limiting the 
rearrangement capabilities of Fischer. It is well established that obviousness does not exist when 
the proposed modification of a reference substantially undermines the teachings of that 
reference. That is precisely the case here. For at least this reason, the rejection of claims 1 9 and 
27 is deficient. 
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With reference to claim 19, the Office Action acknowledges that neither Fischer 
nor Plattner teaches a regulator valve operatively connected to the piping system and a regulation 
device. Nevertheless, the Office Action argues that the regulating unit (46) of Fischer "controls 
the internal refrigeration loop in the cooling plant (4)," and that the control of the refrigeration 
loop could be accomplished with the pump (7) acting as an analogue to the recited regulator 
valve. Fischer provides absolutely no indication that the regulating unit (46) controls anything 
other than the amount of air brought into the cooling plant (4) by the blower (15), and Plattner 
also does not provide any indication that a regulating unit would be coupled with a regulator 
valve. To sustain an obviousness rejection, the rejection must point to some teaching that 
supplies some objective basis for modifying the regulating unit (46) for control of the pump (7). 
The Office Action simply fails to find this teaching in either reference. Here, the Office Action 
is merely speculating about the general disclosure provided in Fischer. Therefore, even if 
Fischer and Plattner were combined, the resulting system would be deficient. For at least this 
additional reason, the rejection of claim 1 9 should be withdrawn. 

With reference to independent claim 27, the Office Action states that Fischer 
discloses a "cold storage unit between the heat source and the heat sink" because the cooling 
plant (4) is located between the food trolleys (8A) and the skin heat exchanger (41). However, 
claim 27 has been amended to specifically recite that "the cold storage unit collecting cooled 
liquid phase heat conveyance medium for use when cooling requirements are increased." In 
contrast, the cooling plant (4) of Fischer does not reserve a store of condensed heat conveyance 
medium. Thus, Examiner cannot maintain the rejection of claim 27 by merely indicating that the 
"cold storage unit" is broad enough to encompass the cooling plant (4) of Fischer. Plattner fails 
to overcome these deficiencies of Fischer with respect to claim 27. Claim 27 is allowable over 
the cited references for at least this additional reason. 
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Applicants also observe that the corresponding patent application of the present 
application (EP 1 ,700,080.) in the European Patent Office ("EPO") was allowed on September 
23, 2009 with claims consistent with the scope of the current independent claims. A copy of this 
corresponding EPO application has been submitted with this response for review. The USPTO 
and the EPO have recently begun cooperating in the Patent Prosecution Highway to more 
quickly allow applications allowed in one patent office to be allowed with similar claims in the 
other patent office. The EPO did consider the Kleen and Fischer references, but nevertheless 
found that claims of analogous scope to be allowable over these references. Although the Patent 
Prosecution Highway does not apply to the current case because the USPTO prosecution started 
before the EPO allowance, Applicants respectfully request that the USPTO consider the EPO 
allowance, and also follow the spirit of the Patent Prosecution Highway during reconsideration 
of these rejections. 

Consequently, claims 19, 27, and 32 are allowable over the cited references for at 
least the reasons discussed above. Each of dependent claims 20-22 and 28-31 depends on one of 
these independent claims, but further includes one or more additional features in combination 
with the features of the base claim. For subst ant ially the same reasons set forth above with 
respect to independent claims 19 and 27, and further because the cited prior art, either by itself or 
in combination with other references, fails to teach or suggest the subject matter recited in the 
claims, Applicants respectfully submit that each of these claims is patentable. Applicants 
respectfully request that the rejection of claims 19-22 and 27-32 be withdrawn, and that these 
claims be allowed. 

IV. New Claims 33 and 34 are Allowable 

Claims 33 and 34 depend from independent claim 32. Claim 33 further recites 
"storing cooled liquid phase heat conveyance medium in the cold storage unit while the aircraft 
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is flying." Claim 34 further recites "releasing stored liquid phase heat conveyance medium, from 
the cold storage unit to the heat source when the aircraft has an increased cooling requirement." 
These claims are fully supported in the original specification at paragraph [0052]. 



cold storage unit previously discussed with respect to claim 27. As noted above, Fischer and 
Plattner fail to provide any element that stores liquid phase refrigerant for release when cooling 
requirements are increased. Therefore, claims 33 and 34 are allowable over the currently cited 
art. Applicants respectfully request an allowance of claims 33 and 34. 

V. Conclusion 

Based on the amendments to the claims and these remarks, Applicants 
respectfully asserts that all present claims are in condition for allowance, and respectfully 
requests an allowance without further delay. 

It is believed that no fee is due for this filing. If any fee is deemed due, consider 
this as an authorization to charge Deposit Account 23-3000 therefore. 



Claims 33 and 34 recite method steps generally analogous to the function of the 
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Description 

[0001] This invention relates to a cooling system for 
expelling heat from a heat source located in the interior 
of an aircraft to a heat sink or heat reducer according to 
the preamble part of claim 1 . 

[0002] In aircrafts, particularly in commercial alrcrafts, 
there are a number of electronic devices and other func- 
tional units which give off heat during operation of the 
aircraft. For example, in the aircraft's on-board kitchen 
(galley) the food and drinks it provides must be cooled 
so that these remain enjoyable over a sufficiently long 
period of time, Moreover, within the aircraft there are a 
number of computer units from which large quantities of 
heat must also be expelled during operation so as to be 
able to guarantee reliable function. 
[0003] In order to provide the aforementioned cooling 
functions, one has come up with various ideas in the past. 
For example, DE 38 12 739 shows a cooling system for 
a cooling chamberin an aircraft. With this cooling system 
it is proposed to convey air from a cold air chamber by 
means of a ventilator into a cooling chamber where a 
service trolley which is to be cooled is located. From the 
cooling chamber, partially heated air is conveyed back 
into the cold air chamber where this can cool down again. 
The cold air chamber is kept cool by the fact that it is in 
direct contact with a non-insulated section of the aircraft 
outer skin, and so during the aircraft's Right operation, 
in which temperatures of -50°C generally prevail on the 
aircraft outer skin at normal flight altitudes, the cold air 
chamber can be cooled effectively as a result of the ther- 
mal coupling by means of the non-insulated aircraft outer 
skin with the surroundings. The disadvantage of this sys- 
tem, however, is that the cooling chamber must be locat- 
ed near to the outerskln of the aircraft, and this restricts 
flexible Interiorarrangementof the aircraft. Moreover, the 
level of efficacy of this system is relatively low because 
only the perceptible heat from the air used as a heat 
conveyor medium can be used for heat conveyance. Fi- 
nally, there is another disadvantage of this system, in 
that a special unit is required for the conveyance of the 
heat conveyance medium which causes additional par- 
asitic heat damage. 

[0004] It can generally be seen that there are consid- 
erable disadvantages with using air as a heat convey- 
ance medium. In particular, air has relatively low specific 
heat conveyance performance. Moreover, a relatively 
large amount of space is necessary for the required pip- 
ing system which can lead to additional weight and also 
to additional problems relating to leakage and noise. Be- 
cause of the low specific heat conveyance performance, 
a correspondingly high conveyance performance is re- 
quired which can lead to the aforementioned parasitic 
heat damage. Another important disadvantage of using 
air as a heat conveyance medium is that the waste air 
from the cooling of heat sources, the electronic devices 
for example, is usually expelled from the pressure cabin 
because if its heat and/or pollution, and can not be re- 



circulated. Because of the balance of air in the aircraft, 
such quantities of waste air should, however, be limited 
as far as possible. 

[0005] As an alternative to the use of air as a heat 

s conveyance rnedi u m there a re other solutions with wh ich 
liquids are used as a heat conveyance medium. The dis- 
advantage of these, however, is their relatively high 
weight Moreover, pumps are required In order to convey 
the liquid heat conveyance medium which, on the one 

10 hand, leads to increased weight, and on the other hand 
to parasitic heat damage, and so reduce the eficacy level 
of the cooling unit. Finally, this type of cooling system is 
relatively expensive to maintain. 
[0006] US 6,435,454, however, shows a system 

is whereby the outer skin of a supersonic jet aircraft is 
coaled by means of cooling systems. With this system 
excessive heating of the outer skin of the aircraft caused 
by air friction is prevented so as to minimize the emission 
of infra-red radiation and thus reduce identification of the 

20 aircraft with infra-red detectors. Contrary to the current 
state of technology described above, with this system 
the heat from the outer skin of the aircraft is conveyed 
into the aircraft interior and there, for example, used to 
heat the fuel with the aim of efficient combustion, 

25 [Q0073 US 2,499,736 describes an aircraft refrigeration 
system according to the preamble part of claim 1 . The 
aircraft refrigeration system described therein uses shut- 
ters in order to duct ambient air into a cooling zone. The 
ambient airwhich is ducted into the interior of the aircraft 

30 provides a cooling airflow which contacts the heat output 
section in order to cool the conveyance medium. This 
airflow than has to be conducted back to the outside of 
the airplane. The requirement of conducting ambient air 
from outside of the aircraft into the interior and back to 

35 the outside for cooling purposes requires substantial 
structural provisions at the aircraft. 
[0008] US 5,966,951 describes a refrigerator with au- 
tomatic defrosting having a piping system with a heat 
conveyance medium. 

40 [0009] Prior art document GB 1,526,160 describes a 
cooling system for an airplane having a heat pipe, The 
outer skin of the airplane is interrupted and the heat pipe 
is introduced into the resulting aperture. The heat pipe 
comprises a porous body extending through theaperture 

45 to the environment of the aircraft. 

[0010] GB 1,595,961 describes a cooling device for 
electrical equipment having a electrically driven fan for 
circulating the air within the casing of the cooling device. 
[0011] Itistheaim ofthis invention to provide a cooiing 

so system and a method of the type indicated at the outset, 
which in relation to the current state of technology, allows 
heightened specific heat transfer performance with low 
technical cost. 

[0012] This problem is solved by a cooling system 
SS which expels heat from a heat source located In the in- 
terior of an aircraft to a heat sink or heat reducer, having 
the features of claim 1 , 

[0013] With the cooling system in accordance with the 
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invention, in particularthe latent heat of the heat convey- 
ance medium can be used, i.e. the heat which at the 
phase transition from the liquid phase to the gaseous 
phase is taken in from the heat conveyance medium and 
at a later phase transition in the heat output section is 
given out from the gaseous phase back to a condensate, 
i.e. back to the liquid phase. In this way the specific heat 
transfer performance of the cooling system in accord- 
ance with the invention Is considerably heightened in re- 
lation to conventional systems established by the current 
state of technology, for example DE 38 12 739, where 
air is used as a heat conveyance medium and only the 
perceptible heat of the same can be used for cooling. 
[GQ14J Moreover, the cooling system in accordance 
with the invention has the additional advantage that it 
provides a dosed system, whereby heat transfers take 
place via the wails of the piping system without there 
being any direct contact of the heat conveyance medium 
with external components. In this way, impurities of the 
heat conveyance medium and undesirable moisturepen- 
etration into the heat conveyance medium circuit can be 
prevented. In addition, in relation to systems with perma- 
nent liquid heat conveyance media, the cooling system 
in accordance with the invention has the advantages of 
lower weight and aiso the use both of the perceptible and 
the latent heat for heat conveyance. Another advantage 
of the Invention Is that there is no requirement for con- 
veyance devices, such as for example, pumps in order 
to set the circulation in motion. Also by means of the 
closed circuit, undesirable condensation effects can be 
prevented which can otherwise, as for example with the 
system in accordance with DE 38 1 2 739, occurat points 
within the aircraft and lead to undesirable icing or even 
corrosion of these sections of the aircraft. These unde- 
sirable condensation effects arise with the current state 
of technology because, for example, air from the on- 
board kitchen (galley) is used forthe conveyance of heat. 
In this way, ambient air humidity comes about, and this 
leads to the aforementioned undesirable condensation 
effects on the outer skin of the aircraft. 
[0015] Afurther development of the invention propos- 
es that the piping system inciudes a closed pipe of which 
one end section is the heat intake section, and of which 
the other end section is the heat output section, whereby 
the two end sections are connected to one another by 
the conveyance section. The closed pipe can be of any 
shape or form and so has a relatively high level of flexi- 
bility with regard to the use and arrangement of the de- 
vices requiring cooling in the aircraft interior. With a var- 
iation of the invention, the closed pipe is made from a 
flexible material and is of a flexible structure, if required 
with articulation, in order to create further levels of free- 
dom for installation. 

[0016] In accordance with the invention, it is also pro- 
posed that the heat source includes at least one compo- 
nent of an electronic device in the aircraft, of an on-board 
kitchen in the aircraft, an inner surface of the aircraft 
which requires cooiing, or similar. 



[0017] In order to further raise the efficacy level of the 
cooling system, the invention proposes that the heat 
transfer in the heat intake section and/or in the heat out- 
put section is realised by means of a heat exchanger 

s which couples. the heat source or the heat reducer/heat 
sink with the piping system. Controllable heat exchang- 
ers are preferably used, for example heat exchangers 
with variable airvolurneftaw, in orderto be able to operate 
the cooling system in accordance with the invention to 

jo meet with the different requirements of the devices to be 
cooted, for example dependent upon loading. Moreover, 
the cooling system in accordance with the invention also 
has a ventilator assign e d to the respective heat exchang- 
er by means of which the heat transfer between the heat 

J5 exchanger and the heat source is controllable. The rev- 
olutions per minute of the ventilator is controlled here so 
thatthere is stronger or less strong air circulation around 
the heat source, according to the requirement, and so 
there is a greater or [ess great heat flow - dependent 

20 upon the ventilator's revolutions per minute - in the heat 
exchanger. 

[0018] in accordance with the invention the flow of the 
heat conveyance medium between the heat intake sec- 
lion and the heat output section is controlled. For exam- 

25 pie, the flow cross -sections of the cooling system be- 
tween the heat intake section and the heat output section 
can be adjusted dependent upon loading. For this, the 
invention provides a regulator valve by means of which 
the quantity of heat conveyance medium flowing to and 

30 from the heat exchanger is controlled. 

[0019] When "controllability" or "control" is mentioned 
within the framework of this description, this Includes, on 
the ons hand, control in accordance with the specified 
models or reference lines, andon the other hand the case 

35 of regulation, I.e. control using feedback. 

[0020] Different parameters can be established forthe 
control or regulation. In particular, it is proposed in ac- 
cordance with the invention, that a temperature sensor 
is positioned close to the heat source, whereby the cool- 

*> ing system can be controlled with reference to the tem- 
perature recorded bythetemperaturesensor, In addition, 
in connection with this it can be that the ventilator and/or 
the regulator valve is controlled based upon the temper- 
ature recorded by the temperature sensor. With regard 

J 5 to the aforementioned regulation, a further development 
of the invention proposes that a regulation system is pro- 
vided which controls the ventilator and/or the regulator 
vafve in accordance with the temperature recorded by 
the temperature sensor. 

so [0021] A further development of the invention propos- 
es that a cold storage unit is provided between the heat 
source and the heat sink, By using cold storage units, 
sufficient cooling can be guaranteed when, for example, 
the aircraft is on the ground and because of the high 

55 eternal temperature it is not possible to provide cooling 
via the outer skin of the aircraft. 
[0022] As an alternative to the arrangement of the cold 
storage unit between the heating source and the heat 
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reducer, it is also proposed in accordance with the inven- 
tion forthe cold storage unit to be positioned directly next 
to or even within the heat source. This makes it possible 
to make direct use of the coid stored in the cofd storage 
unit in the section of the heat source, without the neces- 
sity of heat conveyor medium flow. 
[0023] With preferred embodiments it is proposed that 
the piping system forms a closed circuit which connects 
the heat source and the heat reducer/heat sink to one 
another by means of a feed fine and a discharge line. In 
this connection, one also talks about the so-called loop 
heat pipes. This type of system makes use of a drop in 
pressure resulting from the phase transition of the heat 
convey ancs medium and the force of gravity. I n the heat- 
ing source section, the heat conveyance medium evap- 
orates and moves to the heater reducer which is prefer- 
ably positioned at a higher level , geodeticaliy. Here, the 
heat conveyance medium vapour condenses and gives 
out the condensation heat which is released in this way. 
The resulting condensate flows back to the heat source, 
driven by the force of gravity and/or the capillary effect 
in a special condensate line. By means of the phase 
change and the use of latent heat, the heat output con- 
veyed for each flow mass is several times higher than 
with the conveyance of liquids or air without phase trans- 
fer. In addition, there is no requirement for any special 
conveyance equipment, for example in the form of a 
pump. 

[0024] When using this type of closed circuit with a 
feed line and a discharge line between the heat source 
and the heat reducer/heat sink, it Is also proposed in ac- 
cordance with the invention that the cold storage unit in 
a special circuit is provided with a special piping system. 
It is thus possible to provide a cold storage-free piping 
system between the heat source and the heat reducer 
and an additional piping system between the heat source 
and the heat reducer which has a coid storage unit. In 
order to make better use of the force of gravity, it is also 
proposed in accordance with the invention, that when the 
aircraft is in rest position, the heat reducer/heat sink is 
positioned at a higher level geodeticaliy than the coid 
storage unit and the heat source. 
[0025] It should be pointed out that the cooling system 
described above can be used to the opposite effect. It is, 
therefore, possible to use the cooling system for the gen- 
eral conveyance of heat, i.e. for example to expel the 
heat from the aforementioned heat sources and to use 
this to heat individual aircraft components. 
[0026] As well as the aforementioned advantages, an- 
otherparticularadvantage of the invention is that the heat 
source and the heat reducer/heat sink can be uncoupled 
from one another, and can be connected with a higher 
level of variability by means of the flexibly iocated, sealed 
piping system, in particular the ciosed pipe. Moreover, 
there is no requirement for any active components such 
as blowers or pumps in the heat conveyance route be- 
cause, as a result of the phase transition, the heating 
medium can more or less convey itself from the heat 



source to the heat reducer - due to the given diffusion 
gradient and/or the force of gravity-, and following con- 
densation in the heat reducer/heat sink section - essen- 
tially as a result of capillary effects and/or the force of 
s gravity - flows back to the heat source. This can be sup- 
ported by the fact, for example, that there is a slight incline 
between the heat reducer and the heat source. This 
makes it possible to operate the cooling system without 
the need for any additional energy, for example to drive 
Jo pumps, and also without any additional parasitic heat 
damage, for example from the operational heat of a con- 
veyance pump, in addition, because additional active 
components are avoided, the reliability of the system is 
increased and maintenance costs are reduced. Morse- 
's ver, unnecessary noise emissions, for example the nois- 
es arising from the powering of active components, can 
be prevented. 

[0027] The invention also relates to a method having 
the features according to claim 12, 
20 [0028] In the following, an example of the invention is 
described with reference tD the attached figures: 

Fig. 1 shows a schematic view of a closed piping sys- 
tem used within the frame work of this invention; 

25 

Fg. 2 shows a modified schematic view of a piping 
system in the form of a closed pipe used within 
the framework of this Invention; 

so Fig. 3 shows a further modified version of the piping 
system in the form of a closed circuit with sep- 
arate feed and discharge lines; 

Fig. 4 shows a schematic view of an example of a 
as cooling system; 

Fig, 5 shows a cooling system in accordance with the 
Invention, modified in relation to fig. 4, with a 
regulation device; 

40 

Fig. 6 shows a schematic view of a second example 
of a cooling system in accordance with the in- 
vention, and 

45 Fig. 7 shows a schematic view of a third example of 
the cooling system in accordance with the in- 
vention. 

[0029] in fig. 1 a container in the form of a piping sys- 
so tern, for use with a cooling system in accordance with 
the invention, is illustrated, partly as a section, and iden- 
tified in general by 10. The container contains a circular 
cylindrical pipe, the faces of which are close d . I n tfi e I ower 
section of the container, a heat conveyance medium 1 2 
55 is shown in the liquid phase, 

[0030] The lower section 14, which will also be identi- 
fied in the following as the heat input section 1 4, of the 
container 10 is in thermal contact with a heat source, 



25 



Fig. i 
Fg.2 

so Fig. 3 

Fig. 4 

35 
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whereby - as shown by the arrow 16 - heat from the heat 
source passes into the heat input section 14 of the con- 
tainer 12. This heat in accordance with the arrows 16 
causes the heat conveyance medium 12 to boil, as shown 
by the bubbles 18 in the heat conveyance medium 12, 
and it finally evaporates, as shown by the vertical, up- 
wards pointing arrows 20 in fig. 1 . 
[0031] The heat conveyance medium vapour rises to 
the top of the container 10 via a conveyance section 21 
and passes from the heat intake section 14 to a heat 
output section 22, whereby it crosses a transition section 
24 between th e heat ! ntake sect! on 1 4 and the heat o utput 
section 22. 

[0032] In the heat output section 22, the container 10 
is in thermal contact with a heat reducer, by means of 
which, in accordance with the arrows 26, heat is expelled 
from the heat conveyance medium. This means that the 
heat conveyance medium is precipitated on the wails of 
the container 10 in accordance with the arrows 28, and 
condenses here. The condensate then flows vertically 
downwards in the container 10, in accordance with the 
arrows 30 pointing vertically downwards in fig. 1, as a 
result of the force of gravity, and this collects again in the 
liquid phase for renewed heat intake. 
[0033] In the container 1 0, therefore, the intake of heat 
in accordance with the arrows 1 6 in the heat intake sec- 
tion and the output of heat in accordance with the arrows 
26 in the heat output section independently generates a 
heat conveyance medium circuit with phase transition 
from the liquid phase In accordance with reference 
number 12 to the gaseous phase in accordance with ref- 
erence numbers 20 and 28. In this way, both the percep- 
tible heat of the heat conveyance medium and the latent 
heat, ie. the heat stored in the heat conveyance medium 
during a phase transition, are used to convey heat from 
the heat intake section 14 to the heat output section 22. 
In the heat output section 22, this latent heat is released 
again by condensation of the heat conveyance medium 
vapour. Overall, effective heat conveyance is achieved 
with relatively little weight caused by filling the container 
10. 

[0034] Figure 2 shows a system similar to fig. 1, but 
whereby a capillary effect Is used rather than the force 
of gravity. For this, a capillary structure 11a is set up 
within the pipe 1 0a, and this extends essentially in parallel 
to the length of the pipe 1 Oa, On the inside of the capillary 
structure 11a, the heat conveyance medium evaporates 
in the heat intake section 14a, whereby there is a flow of 
vapour to the left, in accordance with the arrows 20a in 
fig. 2, 

[0035] In the heat output section 22 the heat conveyor 
medium condenses again so that there is a return flow 
in accordance with the arrows 30a and 30b outside of 
the capillary structure aiong the long walls of the pipe. 
Fig. 2, on the other hand, shows the heat intake section 
14a as an evaporation zone, and the conveyance section 
21 a and the heat output section 22a as a condensation 
zone. The liquid conveyance results from a capillary ef- 



fect and pressure equalisation, 
[0036] Figure 3 shows another variation of the piping 
system, in the example the piping system is in the form 
of a closed circuit with a feed line and a discharge line 
s between the heat intake section 14b and the heat output 
section 22b. With impulsion from the given drop in pres- 
sure and the force of gravity, the evaporated heat con- 
veyance medium in the heat source 1 4b is conveyed to 
the heat reducer in the heat output section 22b, in ae- 
ro cordance with the arrow 20b. If the temperature is suffi- 
ciently iow here, the evaporated heat conveyance medi- 
um condenses and so discharges the condensation heat 
which is released. The resulting condensate flows over 
the condensate line back to the heat intake section, driv- 
es en by the force of gravity, in accordance with the arrow 
30b. With the system in accordance with fig. 3 one talks 
of a loop heat pipe (LHP). 

[0037] Figure 4 shows a possible application for the 
piping system 1 0a in an aircraft. In detail, the piping sys- 
tern 10a in fig. 4 is coupled with an outer skin 32 of a 
commercial aircraft by means of its heat output section 
22, whereby the outer skin 32 is at least largely non- 
insulated in the vicinity of the heat output section 22, In 
Its heat intake section 14, the piping system 10 is provid- 
es ed with a number of ribs 34 which extend the surface of 
the heat intake section , and so facilitate better heattrans- 
fer, 

[0038] in addition, in fig. 4 there is a device requiring 
cooling 38 located on a cabin floor 36, for example a 

so fridge for an on-board kitchen (galley), which has an In- 
ternal ventilator 40. The ventilator 40 circulates air within 
the device requiring cooling so that a warm flow of air 42 
is conveyed to the heat intake section 14 and gives cut 
heat to this, and a cold flow of air 44 is conveyed away 

as from the heat intake section 14 by means of the ventilator 

40. 

[0039] It is possible to cool the device requiring cooling 
38 at relatively low technical cost. Because the container 
10, as already described above, is in the form of a pipe 

*> and so requires only a small amount of space, the device 
to be cooled 38 can be positioned more or less anywhere 
within the aircraft without the level of cooling being ef- 
fected or prejudiced to any extent by the positioning of 
the device requiring cooling 38. In particular It should be 

•*5 pointed out, as clearly shown by fig. 4, that the device 
requiring cooling 38 is largely uncoupled from the outer 
skin 32 of the aircraft acting as a heat reducer, and is 
only connected by means of the pipe 1 0. 
[0040] Fig ure 5 sho ws an. emb o dim ent of th e inventio n 

so with a cooling system modified in relation to fig. 4. In order 
to simplify the description and to avoid repetition, the 
same reference numbers as used in the description for 
fig. 4 will be used for components of the same type or 
used to the same effect, but with the figure "1" placed In 

55 front 

[0041] The embodiment in accordance with fig. 5 is 
different from the cooling system of fig. 4 in that compo- 
nents for the regulation of the cooling system in accord- 
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ance with the invention are provided. In particular, there 
is a temperature sensor 1 50 in the device to be cooled 
which is coupled directly with a regulation device 152, 
andso passes the temperature values recorded onto the 
regulation device, in addition, the regulation device 152 
is coupled with the ventilator 140 by means of a control 
line 154 for control of the same. Moreover, the regulator 
152 is coupled by means of another control line 156 with 
an adjustable regulator valve or thermostat valve 158. 
[0042] The system in accordance with fig. 5 works as 
follows. The temperature in the device to be cooied 138 
is determined by means of the temperature sensor 1 SO 
and communicated to the regulator 152. If the tempera- 
ture in the device to be cooled 138 is too high, the regu- 
lator 152 controls, for example, the ventilator 140 by 
means of the control line 1 54 so that the revolutions per 
minute of the same is increased. In this way, the circu- 
lation of the airflow 142, 144 is also increased so that a 
large r quantity of heat is transferred by means of the heat 
exchanger 134 from the device to be cooled 138 to the 
heat transfer medium, As an addition or as an alternative 
to this, the regulator 152 by means of the control iine 156 
controls the regulator valve 158, by means of which the 
flow of heat conveyance medium can be controlled. In 
this way it is possible to allow a larger amount of heat 
conveyance medium io flow through the piping system 
1 1 0a, and so also to increase the amount of heat carried 
away from the device to be cooled 138. 
[0043] In one application whereby ice can form in the 
heat exchanger section 134, the regulation device 152 
can also be used specifically to defrostthe heat exchang- 
er 134. 

[0044] Figure 6 shows another embodiment of the in- 
vention. Once again, the same reference numbers are 
used as previously In the descriptions for fig. 4 and 5 for 
components of the same type orusedto the same effect, 
but with the figure "2" placed in front. 
[0045] Figure 6 shows that the device to be cooled 23S 
is connected to the outerskin 232 ofthe aircraft by means 
of two circuits 260 and 262. For this, a coupling device 
264 is used which helps with the thermal coupling of the 
two circuits 260 and 262 to the outer skin 232. 
[0046] in the first circuit 260 a cold storage unit 266 is 
provided which has a thermally insulating wall 268. The 
circuit 260 is designed with a first connection line 270, 
272 overwhich the evaporated heat conveyancemedium 
flows from the heat exchanger 234 to the coupling device 
264. in addition, thefirst circuit includes two reverse lines 
274, 276, along which the condensed heat conveyance 
medium can flow back to the heat exchanger 234. Con- 
trollable regulation devices 278, 280 are provided in 
these reverse lines 274, 276. 

[0047] The second circuit 262 includes a supply line 
282 and a reverse flow iine 284, whereby in the latter 
there is, once again, a controllable regulator valve 286. 
Tha second circuit 262 conn acts the coup ling device 264 
with the heat exchanger 288. 
[0048] The system in accordance with fig. 6 functions 



as follows. In order to cool the device to be cooled 238 
during normal operation, ie. during the flight operation of 
the aircraft, the second circuit 262 is essentially used. 
This works as described above with reference to figs. 4 

s and 5, ie. there is an intake of heat in the device to be 
cooled 238 and this heat is conveyed away by means of 
the condensed heat conveyance medium by means of 
the line 282 to the coupling device 264. Here, the heat 
is discharged to the cold external skin 232, whereby the 

to heat conveyance medium condenses and flows back to 
the heat exchanger 288 via the reverse flow tine 284. 
The quantity of heat transferred by the flow of air 242 can 
be changed by altering the revolutions per minute of the 
ventilator 240 and by setting the regulator valve 286. 

15 [Q049] Iriadditiontothissystem,circuit260isprovided 
which includes the cold storage unit 266. The cold stor- 
age unit 266 serves to provide sufficient cold for situations 
in which the cooling provided by the circuit 260 is insuf- 
ficient. Forthis, durl ng normal operation in the circuit 260, 

so the valve 2B0 remains closed, whereas the valve 278 is 
opened. In this way the cold storage unit 266 can be 
loaded, whereby the heat conveyance medium is cooied 
and stored in the storage unit 266 in condensed form, If 
there is an increased cold requirem ent, for example when 

25 the aircraft is on the ground and it is not possible to pro- 
vide cooling by means ofthe outer skin 232, the regulator 
valve 278 can be shut and the regulator valve 280 opened 
so that tnere is a flow of heat conveyance medium 
through the circuit 260 and the device to be cooled 23B 

so can be by using the additional flow of air 242' generated 
by the ventilator by means of the condensed heat con- 
veyor medium stored in the cold storage unit 266. 
[0050] It should be noted that with the embodiment in 
accordance with figure 6, the average temperature level 

35 of the cold storage unit 266 must lie between that of the 
device to be cooled 238 and that ofthe heat reducer 264. 
[0051] It is also pointed out that in the application ac- 
coroing to fig. 6, the heat reducer, ie. the coupling device 
264 should be geodetically higher than the cold storage 

"o unit 266, and this in turn should be geodetically higher 
than the heat source, ie. the heat exchanger 234. This 
facilitates a reverse flow of liquid brought about by the 
force of gravity, and improves the overall heat convey- 
ance performance. 

*s [0052] Itshouldfinallybenotedthattheheatexchang- 
ers 234 and 238 in the device to be cooled can have 
parallel or serial flow in relation, to the airflow242 or 242'. 
[0053] Figure 7 shows a simplified embodiment in re- 
lation to fig. 6. Once again, the same reference numbers 

so are used for components of the same type or used to the 
same effect as In the description for fig. 6, but with the 
figure "3° placed in front. 

[0054] The embodiment in accordance with fig. 7 dif- 
fers from the form in accordance with fig. 6 in that the 
ss cold storage unit 366 is positioned inside the device to 
be cooled 338. This means that, during operation, the 
cold conveyance medium stored inside She cold storage 
unit 366 can discharge its cold directly to the device to 
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be cooled 338 without a flow of heat conveyance medium 
being necessary. This can happen, for example, by 
means of natural convection or with a special ventilator. 
Aiternatively, it is also possible for a flow of air via the 
ventilator 340 to be conveyed either to the coid storage 
unit 366 or to the heat exchanger 388, dependent upon 
the operation in question. For example, during normal 
operation, when the aircraft is in the airandthe outer skin 
332 can be used as a heat reducer, the device to be 
cooled 338 is cooled by the circuit 362, whereas when 
the aircraft is on the ground and the outer skin 332 can 
not serve as a heat-reducer because of the high external 
temperatures, circuit 360 is used for cooling. 



Claims 

1 . Airera having a cooling device including a heat pipe 
for expelling heat from a heat source (38; 138; 238; 
338) located in the interior of said aircraft to a heat 
sink (32; 132; 232; 332), with a piping system (10; 
110) sealed against the surrounding atmosphere, 
which is thermally coupled to a heat intake section 
(14; 114) With the heat source (38; -138; 238; 338) 
and to a heat output section (22) with the heat sink 
(32; 132; 232; 332); and which preferably has an 
essentially adiabatic conveyance section (21 , 21 a), 
whereby the piping system (10) is filled with a heat 
conveyance medium (12) which, when it take's In 
heat from the heat source (38; 138; 238; 338) in the 
heat intake section (14; 1 14) undergoes a transition 
from the liquid phase to the gaseous phase, then 
flows Into the heat output section (22; 122) and here, 
when discharging heatto the heatsink (32; 1 32; 232; 
332), condenses once again and flows back into the 
heat intake section (14; 1 14), 
wherein said heat sink (32; 1 32; 232; 332) includes 
a section of an external wall forming the outer skin 
of the aircraft, 

and wherein the heat transfer in the heat intake sec- 
tion (14; 114) and/or in the heat output section (22; 
122} takes place by means of a heat exchanger (34; 
134; 234; 334) which couples the heat source (38; 
138; 238; 338) and the heat sink (32; 132; 232; 332) 
with the piping system (1 0), 
characterized in that a ventilator (40; 140; 240; 
340) is assigned to the respective heat exchanger 
(34; 1 34; 234; 334), by means of which the transfer 
of heat between the heat exchanger (34; 134; 234; 
334) and the heat source (38; 138; 238; 338) is con- 
trolled, 

wherein the flow of heat conveyance medium (20) 
Is controlled between the heat intake section (14; 
114) and the heat output section (22; 122; 222; 322), 
and wherein a regulator valve (158; 278; 280; 286; 
378; 386) is assigned to the cooling system, by 
means of which the quantity of heat conveyance me- 
dium flowing to and/orfromthe heat exchanger (34; 



134; 234; 334) Is controlled. 

2. Aircraft in accordance with claim 1, 

whereby the piping system (10, 10a) includes a 
s closed pipe, of which one end section is the heat 
intake section (14, 14a) and of which the other end 
sectionisthe heat output section (22,22a), whereby 
both end sections are conceded to one another via 
the conveyance section (21 , 21 a). 

10 

3. Aircraft in accordance with claim 1 or 2, 
wherebytheheatsource(38;138;238;333)includes 
at least one component of an electronic device in the 
aircraft, an on-board kitchen in tie aircraft, a surface 

15 requiring cooling in the aircraft, or similar. 

4. Aircraft in accordance with any of the previous 
claims, 

whereby a temperature sensor (ISO) is located In 
20 thesectionoftheheatsource(138;238;338),where- 
by the cooling system is controlled with reference to 
thetemperature recorded by the temperature sensor 
(150). 

25 v 5. Aircraft in accordance with claim 4, 

whereby the ventilator (40; 140; 240; 340) and/or the 
regulatorvalve (1 58; 278; 280; 286; 378; 3 BS) is con' 
trolled in accordance with the temperature recorded 
by the temperature sensor (1 50). 

30 

6. Aircraft in accordance with claim 5, 

whereby a regulationdevice(152) is provided, which 
controls the ventilator and/or the regulator valve in 
accordance with the temperature recorded by the 
35 temperature sensor (150). 

7. Aircraft in accordance with any of the previous 
claims, 

whereby a cold storage unit (266) is provided be- 
*> tween the heating source (238) and the heat sink. 

8. Aircraft in accordance with any of the claim 1 to 6, 
whereby a cold storage unit (366) is provided in the 
section of the heat source (338). 

45 

9. Aircraft in accordance with any of the previous 
claims, 

whereby the piping system (260, 262; 360, 362) 
forms a closed circuit which connects the heat 
so source (238; 338) and the heat sink (264; 364) by 
means of a feed line and a discharge line respec- 
tively. 

10- Aircraft in accordance with claim 7 or 9, 
55 whereby the cold storage unit (266; 366) is located 
in a special circuit with a special piping system (260; 
362). 
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11. Aircraft in accordance with any of the previous 
claims, 

whereby when the aircraft is in rest condition, the 
heat sink (264) is located geodetically higher than 
the cold storage unit (266) andthe heat source (238). 

12. Method for the discharge of heat from a heat source 
(38; 138; 238; 338) located in the interior of an aircraft 
to a heat sink (32; 132; 232; 332), whereby a piping 
system (1 0; 1 10) sealed against the surrounding at- 
mosphere, which is thermally coupled to a heat in- 
take section (14; 114) with the heat source (38; 138; 
238; 338) and is thermaily coupled to a heat output 
section (22) with the heat sink (32; 132; 232; 332), 
and which preferabiy has an essentially adiabatic 
transport section (21,21a), is filled with a heat con- 
veyance medium (12) which, when heat is taken from 
the heat source (38; 138; 238; 338) in the heat intake 
section (14; 114) undergoes a transition from the liq- 
uid phase to the gaseous phase, then flows into the 
heat output section (22) and here, when heat is dis- 
charged to the heat sink (32; 132; 232; 332) con- 
denses again and flows back into the heat intake 
section (14; 114), 

wherein said heat sink (32; 132; 232; 332) Includes 
a section of an external wall of the aircraft, 
and wherein the heat is transferred in the heatintake 
section (14; 114) and/or in the heat output section 
(22; 122) by means of a heat exchanger (34; 134; 
234; 334) which couples the heat source (38; 138; 
238; 338) andthe heat sink (32; 132; 232; 332) with 
the piping system (10), 

characterized in that a ventilator (40; 140; 240; 
340) assigned to the respective heat exchanger (34; 
134; 234; 334) is usedfor controlling the heattransfer 
between the heat exchanger (34; 1 34; 234; 334) and 
the heat source (38; 1 38; 238; 338), wherein the flow 
of heat conveyance medium (20) is controlled be- 
tween the heat intake section (14; 114) and the heat 
output section (22; 122; 222; 322), and wherein a 
regulator valve (158; 278; 280; 286; 378; 386) is as- 
signed to the cooling system, by means of which the 
quantity of heat conveyance medium flowing to 
and/or from the heat exchanger (34; 134; 234; 334) 
is controlled. 



reich (22) mit der Warmesenke (32; 132; 232; 332) 
gekoppelt ist, und welches bevorzugt einen im We- 
sentlichen adiabatischen Transportabschnitt (21, 
21 a) aufweist, wobei das Leitungssystem (1 0) mit 

s einem Warmetragerrnittel (12) getiillt ist, das dann, 
wenn es Warme von derWarmequelle (38; 138; 238; 
338) in dem Warmeaufnahmebereich (14; 114) auf- 
nimmt, einen Obergang von der fliissigen Phase in 
die gasformige Phase volizieht, dann in den Warme- 

Jo abgabebereich (22; 122) stromt und dort beim Ab- 
geben derWarme an die Warmesenke (32; 132; 232; 
332) emeut kondensiert und in den Warmeaufnah- 
mebereich (14; 114) zurijckstromt, 
wobei die Warmesenke (32; 132; 232; 332) einen 

is Abschnitt einer die Flugzeughaut biidenden AuSen- 
wand umfasst, und 

wobei der Warmeubergang in dem Warmeaufnah- 
mebereich (14; 114) und/oder in dem warmeabga- 
bebereich (22; 122) mittels eines Warmetauschers 

so (34; 134; 234; 334) erfolgt, der die Warmequeile (38; 
138; 238; 338) und die Warmesenke (32; 132; 232; 
332) mit dem Leitungssystem (10) koppelt, 
dadurch gekennzeichnet, dass ein Ventilator (40; 
140; 240; 340) dem jeweiligen Warmetauscher (34; 

zs 134; 234; 334) zugeordnet ist, durch den der War- 
meubergang zwischen dem WSrmetauscher (34; 
134; 234; 334) und derWarmequelle (38; 138; 238; 
338) gesfeuert wird, 

wobei derFlussdesWarmetragermediums (20)zwi- 
so schen dem Warmeaufnahmebereich (1 4; 1 1 4) und 
dem Warmeabgabebereich (22; 122; 222; 322) ge- 
steuert wird und wobei ein Regelventil (158; 278; 
280; 286; 378; 386) dem Kuhlsystem zugeordnet ist, 
durc.fi das die Menge an WarrnetrSgermedium ge- 
35 steuert wird, das zu dem Warmetauscher (34; 134; 
234; 334) hln oder von diesem wegstromt. 

2. Flugzeug nach Anspruch 1 , 

wobei das Leitungssystem (10, 10a) eine geschlos- 

*> sene Leitung umfasst, von der ein Endbereich der 
Warmeaufnahmebereich (14; 14a) ist und von der 
der andere Endbereich der Warmeabgabebereich 
(22, 22a) ist, wobei beide Endbereiche miteinander 
iiber den Trartsportbereich (21, 21a) verbunden 

45 sind. 



Patentanspruche 

1. Flugzeug mit einer Kuhieinrichtung umfassend ein so 
Wfirmerohr zum Abfiihren von Warme von einer im 
Innenraum des Flugzeugs angeordneten Warme- 
quelle (38; 138;238;338)2ueinerWarmesenke(32; 
132; 232; 332), mittels eines gegenuber der umge- 
benden Atmosphere abgedichteten Leitungssy- 55 
stems (1 0; 110), welches thermisch in einem War- 
meeiniassbereich (14; 114) mit der Warmequeile 
(38; 138; 238; 338) und in einem Warmeabgabebe- 



.. Flugzeug nach Anspruch 1 oder 2, 

wobei die Warmequeile (38; 138; 238; 33B) wenig- 
stens eine Komponente einer alektronischen Vor- 
richtung in dem Flugzeug, einer Bordkiiche in dem 
Flugzeug, einerzu kuhiendeninneren Fl&ehein dem 
Flugzeug oder dergleichen ist. 

(, Flugzeug nach einem der vorangehenden Anspru- 
che, 

wobei ein Temperatursensor (150) in dem Abschnitt 
derWarmequelle (138; 238;338) angeordnet ist, wo- 
bei das Kiihlsystem nach MafBgabe der von dem 
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TemperatLirsensor (150) erfassten Temperatur ge- 
steuert wird. 

5. Rugzeug nach Anspruoh 4, 

wobei der Ventilator (40; 140; 240; 340) und/oder 
das. Regelventii (1 58; 278; 280; 286; 378; 386) nach 
MaBgabe der von demTemperatursensor (150) er- 
fassten Temperatur gesteuert wird. 

6. Rugzeug nach Anspruoh 5, 

wobei eirte Regelvorrichtung (152) vorgesehen ist, 
die den Ventilator und/oder das Regeiventi! nach 
MaBgabe der von dem Temperatursensor (150) er- 
fassten Temperatur steusrt. 

7. Rugzeug nach einem der vorangehenden Ansprii- 

ohe, 

wobei eine Kaltespeichereinheit (266) zwischen der 
Warmequelie (238) und der Warmesenke angeord- 
net ist. 

8. Rugzeug nach einem der Anspruche 1 bis 6, 
wobei eine Kaltespeichereinheit (366) im Sereich 
der Warmequelie (338) vorgesehen ist. 

9. Rugzeug nach einem der vorangehenden Ansprfi- 
che, 

wobei das Leitungssystem (260, 262; 360, 362) ei- 
nen geschlossenen Kreislauf bildet, der die Warme- 
quelie (23B; 338) und die Warmesenke (264; 364) 
mittels einer Zufiihrleitung und einer Abgabeleitung 
verbindet. 

10. Rugzeug nach Anspruoh 7 oder 9, 

wobei die Kaltespeichereinheit (266; 366) in einem 
eigenen Kreislauf mlt einem eigenen Leitungssy- 
stem (260; 362) angeordnet ist. 

11. Flugzeug nach einem der vorangehenden Ansprii- 
cha, 

wobei dann, wenn das Flugzeug sich in einer Ruhe- 
lage befindet, die Warmesenke (264) geodatisch ho- 
her als die Kaltespeichereinheit (266) und die War- 
mequelie (238) angeordnet ist. 

12. Verfahren zurn Abfiihren von Warme von einer im 
Inneren eines Ffugzeugs angeordnefen Warme- 
quelie (38; 138; 238; 338) zu einer Warmesenke (32; 
132; 232; 332), wobei ein gegen die Umgebungsat- 
mosphSre abgedichtetes Leitungssystem {10; 1 10), 
das thermisch in einem WSrmeaufnahmebereich 
(14; 114) mit der Warmequelie (38; 138; 238; 338) 
gekoppelt Ist und thermisch in einem Warmeabga- 
bebereich (22) mit dar Warmesenke (32; 132; 232; 
332) gekoppelt ist, und das bevorzugt einen im We- 
sentlichen adiabatischenTransportbereich(21,21a) 
aufweist, mit einem Warmetragermedium (12) gefulft 
ist, das dann, wenn Warme von der Warmequelie 



(38; 138; 238; 338) In dem Warmeaufnahmebereich 
(14; 114) aufgenommen wird, einen Ubergang von 
derflOssigen Phase zu dergasfdrmigen Phase voli- 
zieht dann in den Warmeabgabebereich (22)stromt 
s unddort, wennWarmeandieWarmesenke(32; 132; 
232; 332) abgegeben wird, wieder kondensiert und 
in den Warmeaufnahmebereich (14; 114) zuriick- 
stromt, 

wobei die Warmesenke (32; 132; 232; 332) einen 
10 Abschnitt einer AuBenwand des Flugzeugs umfasst, 
und wobei die Warme in dem Warmeaufnahmebe- 
reich (14; 114) und/oder in dem Warmeabgabebe- 
reich (22; 122) mittels eines Warmetauschers (34; 
134;234; 334) ubertragen wird, derdie Warmequeile 
« (38; 138; 238; 338) und die Warmesenke (32; 132; 
232; 332) mit dem Leitungssystem (10) koppelt, 
dadurch gekennzelchnet, dass ein Ventilator (40; 
140; 240; 340), der dem jeweiligen Warmetauscher 
(34; 134; 234; 334) zugeordnet ist, zum Steuem des 
so Warmeubergangs zwischen dem Warmetauscher 
(34; 134; 234; 334) und der Warmequelie (38; 136; 
238; 338) eingesetzi wird, 
wobei der Strom des Warmetragermediums (20) 
zwischen dem Warmeaufnahmebereich (14; 114) 
25 und dem Warmeabgabebereich (22; 122; 222; 322) 
gesteuert wird, und wobei ein Regeiventi! (158; 278; 
280; 286; 378; 386) dem Kuhlsystem zugeordnet ist, 
durch das die Menge an Warmetragermedium ge- 
steuert wird, das dem Warmetauscher (34; 134; 234; 
30 334) zustromt und/oder von diesem wegstromt. 



Revendications 

35 1. Avion ayant un dispositif derefroidissementinoluant 
un tuyau de chaieur pour expulser une chaleur pro- 
venant d'une source de chaleur situee dans I'inte- 
rieurduditavion(3B;13S;238;338)versunpuitsde 
chaleur (32; 132; 232; 332), avec un systeme de 

*> tuyauterie (1 0; 1 1 0) etanche a I' atmosphere environ- 
nante, qui estthermiquement couple a une section 
d'admission de chaleur (14; 114) avec la source de 
chaleur(3B; 138; 238;338)etaunesection de sortie 
de chaleur (22) avec le pults de chaleur (32; 132; 

45 232; 332), et qui preferablement a une section de 
transport (21, 21a) essentiellement adiabatique, 
dans lequei le systeme de tuyauterie (1 0) est rempli 
avec un milieu de transport de chaleur (12) qui, lors- 
qu'il prend de la chafeur provenant de la source de 

so chaleur (38; 1 38; 238; 338) dans ia section d'admis- 
sion de chaleur (14; 114), subit une transition de la 
phase iiquide a la phase gazeuse, puis s'ecoule a 
I'interieurde !a section de sortie de chaieur (22; 122} 
et la, iors de la decharge de ia chaleur vers le pu'rts 

55 de chaleur (32; 1 32; 232; 332) , se con dense a n o u- 
veau et reflue a Finterieur de la section d'admission 
de chaleur (14; 114), 

dans iequel iedit putts de chaieur (32; 1 32; 232; 332) 
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inelut une section d'une paroi externa formant fa 
peau exterieure de I'avion, 
et que le transfers de chaleur dans la section d'ad- 
mission de chaleur (14; 114) et/ou dans la section 
de sortie de chaleur (22; 122) se fait au moyen d'un 
echangeur de chaleur (34; 1 34; 234; 334) qui couple 
la source de chaleur (38; 138; 238; 338) et le puits 
de chaleur (32; 132; 232; 332) avec le systeme de 
tuyauterie (10), 

earacterise en ce qu'un ventilateur (40; 140; 240; 
340) est attribue a i'echangeur de chaleur (34; 134; 
234; 334) respectif, au moyen duque! le transfer! de 
chaleur entre i'echangeur de chaleur (34; 134; 234; 
334) et la source de chaleur (38; 1 33; 238; 338) est 
commande, 

dans lequel le flux du milieu de transport de chaleur 
(20) est commande entre la section d'admission de 
chaleur (14; 1 14) et la section de sortie de chaleur 
(22; 122; 222; 322), et dans lequel un roblnet de 
regulateur (1 58; 278; 280; 286; 378; 386) est attribue 
au systeme de refroidissement, au moyen duquel la 
quantite de milieu de transport de chaleur s'ecoulant 
vers et/ou de I'echangeur de chaleur (34; 1 34; 234; 
334) est commande. 

2. Avion seion la revendication 1 , 

dans lequel le systeme de tuyauterie (10, 10a) inelut 
un tuyau ferme, dont une section d'extremite est la 
section d'admlssion de chaleur (14; 14a) et dont 
i'autre section d'extremite est ia section de sortie de 
chaleur(22; 22a), dans lequel les deux sections d'ex- 
tremite sont reliees I'une a I'autre par I'intermediaire 
de la section de transport (21, 21a). 

3. Avion selon la revendiaatlon 1 ou 2, 

dans lequel la source de chaleur (38; 138; 238; 338) 
inelut au moins un composant d'un dispositif elec- 
tronique dans I'avion, une cuisine debord dans I'avi- 
on, une surface necessitant un refroidissement dans 
I'avion, ou similaire. 

4. Avion selon I'une quelconque des revendications 
precedentes, 

dans lequel un capteurde temperature (150) estsi- 
tue dans la section de la source de chaleur (138; 
238; 338), dans lequel le systeme de refroidissement 
est commande en reference a ia temperature enre- 
gistree par le capteur de temperature (150). 

5. Avion selon la revendication 4, 

dans lequel le ventilateur (40; 140; 240; 340) et/ou 
le robinet de regulateur (158; 278; 280; 286; 378; 
386) est commande en fonction de ia temperature 
enregistree par le capteur de temperature (150). 

6. Avion selon ia revendication 5, 

dans lequel un dispositif de regulation (152) estpre- 
vu qui commande ie ventilateur et/ou te robinet de 



regulateur en fonction de la temperature enregistree 
par le capteur de temperature (1 50). 

7. Avion selon I'une quelconque des revendications 
5 precedents, 

dans lequel une unite de stockage de froid (266) est 
prevue entre la source de chaleur (238) et le puits 
de chaleur. 

10 8. Avion selon i'une quelconque des revendications 1 
a 6, 

dans lequei une unite de stockage de froid (368) est 
prevue dans la section de ia source de chaleur (338). 

is 9. Avion seion I'une quelconque des revendications 
precedentes, 

dans lequel le systeme de tuyauterie (260; 262; 360; 
362) forme un circuit ferme qui relie la source de 
chaleur (238; 338) et le puits de chaleur (264; 364) 
20 au moyen d'une ligne cf alimentation et d'une iigne 
d'evacuafion respectivement. 

10. Avion selon la revendication 7 ou 9, 

dans iequel ['unite de stockage de froid (266; 366) 
25 est situee dans un circuit special avec un systeme 
de tuyauterie special (260; 362). 

11. Avion selon I'une quelconque des revendications 
precedentes, 

so dans lequel iorsque I'avion est a I'Stat de repos, le 
puits de chaleur (264) estsituSgeodSsiquement plus 
hautque I'unite de stockage de froid (266) et ia sour- 
ce de chaleur (238). 

36 12. Precede d'evacuation de chaleur provenant d'une 
source de chaleur (38; 138; 238; 338) situee dans 
I'interieur d'un avion vers un puits de chaleur (32; 
1 32; 232; 332),dans lequel unsystemedetuyauterie 
(10; 110) etanche a I'atmosphere environnante, qui 

*o estthermiquement couple a une section d'admission 
de chaleur (14; 114) avec la source de chaleur (38; 
138; 238; 338) et est thermiquement coupl6 a une 
section de sortie de chaleur (22) avec le puits de 
chaleur (32; 132; 232; 332), etqul pref enablement a 

« une section de transport (21 , 21 a) essentiellement 
adiabatique, est rempli avec un milieu de transport 
de chaleur (12) qui, Iorsque de la chaleur est prise 
de la sourc, subit une transition de !a phase liquids 
a la phase gazeuse, puis s'ecoule a I'interieur de la 

so section de sortie de chaleur (22) et la, Iorsque de la 
chaleur est dechargee vers le puits de chaleur (32; 
132; 232; 332), se condense a nouveau et refiue a 
I'interieur de ia section d'admission de chaleur (14; 
114), 

ss dans lequel iedit puits de chaieur (32; 1 32; 232; 332) 
inelut une section d'une paroi externe de I'avion, 
et que la chaleurest transferee dans la section d'ad- 
mission de chaleur (14; 114) et/ou dans ia section 
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de sortie de ehaleur (22; 1 22) au moyen d'un echan- 
geur de ehaleur (34; 134; 234; 334) qui couple la 
source de ehaleur (38; 138; 238; 338) et le puits de 
ehaleur (32; 132; 232; 332) avec le systeme de 
tuyauterie (10), $ 
caracterise en ce qu'un ventilateur (40; 140; 240; 
340) attribue a I'echangeur de ehaleur (34; 134; 234; 
334) respactif est utilise pourcommander le transfert 
de chaieur entre i'echangeur de ehaleur (34; 134; 
234; 334) et I a sou rce de chaieur (38; 1 38; 238; 338), 10 
dans lequei le flux du milieu de transport de chaieur 
(20) est com man de entre la section d'admission de 
chaieur (1 4; 114) et la section de sortie de chaieur 
(22; 122; 222; 322), et dans lequei un robinet de 
regtiiateur(158; 278; 280; 286; 378; 386) estattribue « 
au systeme de refroidissement, au moyen duquel ia 
quantite de milieu de transport de chaieur s'ecoulant 
vers et/ou de I'echangeur de chaieur (34; 134; 234; 
334) est commande. 
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Fig. 2 
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